Abstract. We construct two new tests of calendar effects, apply them on 12 stock indices during 1996-2016, and compare the results with that using Hui and Chan (2016)'s method. The results show that the January and Halloween effects are significant for the four western generalized equity indices for small moving-window sizes. Furthermore, the securitized real estate indices show a greater difference in the overall calendar effect between the three methods than the general equity indices do. This study has an implication that a certain sector of the market is riskier than the whole market.
Introduction
Many investors adhere to the "buy-and-hold" strategy backed by the efficient market hypothesis (EMH), which is supported by a lot of articles (e.g. Malkiel & Fama, 1970; Barber & Odean, 2000) . However, after the global financial crisis in 2008, many scholars raised doubts on the EMH (Hui & Chan, 2018a) . If the EMH does not hold, then "buy-and-hold" may not work. Monthly trends in stock price movement called "calendar effects" are found in many previous studies, with the Halloween and January effects being the most common ones. The former says that equities get significantly higher returns during NovemberApril, and is first discovered by Bouman and Jacobsen (2002) , who find much greater average stock returns in November-April during . The January effect states that equity returns are significantly higher in January, and is first found by Wachtel (1942) on high-yields stocks in the U.S.
Most of the previous studies on calendar effects use traditional methods like regression. Hui and Chan (2016) apply Shiryaev-Zhou index of variable moving-window size to test calendar effects of 12 stock indices during 1996-2014. The Shiryaev-Zhou index of a stock, commonly denoted by µ, is calculated by dividing the stock's annual drift (or return) by its annual volatility (or variance of return). Deducting 1/2 from the quotient results in the Shiryaev-Zhou index (see Section 3). It can be regarded as a benchmark value for trading stock as follows: buy and hold the stock until the end of the period if 0 µ ≥ , and sell it immediately otherwise (Yam et al., 2012a (Yam et al., , 2012b . From the Shiryaev-Zhou index, Hui et al. (2014b) derive the estimator of the Shiryaev-Zhou index ( ) i n µ (they fix the moving-window size n to be 130) and introduce a trading strategy as follows: buy a stock as soon as ( ) i n µ changes from negative to positive, and sell it as soon as ( ) i n µ changes from positive to negative. Hui and Chan (2017) extend their work by letting the moving-window size n to vary, deriving a generalized time-dependent strategy.
The method of Hui and Chan (2016) is based on Hui and Chan (2017)'s generalized time-dependent strategy of which one has to buy a stock (or stock index) as soon as the estimator of the Shiryaev-Zhou index ( ) i n µ changes from negative to positive, and sell it as soon as ( ) i n µ changes from positive to negative. The recent globalization has strengthened interrelationship between international financial markets, increasing their volatility. Hence stock prices fluctuate a lot and ( ) i n µ changes sign very frequently. Thus, we have to trade the stock frequently. Since ( ) i n µ lags behind the stock price (Hui & Chan, 2014) , there is a chance that on day i, the stock price is rising even when underperforms "buy-and-hold" for the majority of the cases (see Section 1). In light of this, Hui and Chan (2018c) construct two alternative strategies of which after ( ) i n µ changes sign, an investor waits until ( ) i n µ remains at the same sign for two or three consecutive days before buying or selling the stock index (which are called Strategy 2 and Strategy 3 respectively in Hui and Chan, 2018a , see details in Section 3). This reduces the number of times of trading the stock index and is called "smoothing effect". Their results show that Strategy 3 outperforms the other two strategies in general, especially when transaction costs exist.
In this study, based on Hui and Chan (2018c)'s three trading strategies, we construct three tests (Methods 1, 2 and 3 (see Section 4)). Method 1 is the test by Hui and Chan, 2016 , while Methods 2 and 3 are newly constructed) to investigate calendar effects of 12 stock indices during 1996-2016. In particular, the Halloween and January effects are investigated. We follow Hui and Chan (2016) 's method: the overall calendar effect is examined by analysis of mean (ANOM), and the Halloween effect is tested by logistic regression. We compare the results of the three methods based on the three trading strategies, so we can see that for each of the three strategies, whether the stock index is held for most of the time in a particular month. Since Hui and Chan (2018c) 's two alternative strategies are different from Hui and Chan (2017) 's strategy, the "holding periods" and "non-holding periods" are different. Hence we expect that the resulting calendar effects shown by the three strategies are also different. One of the contributions of our study is that our new tests of calendar effects (Methods 2 and 3) can show different patterns of calendar effects from that shown by Hui and Chan (2016) 's method. We also compare the results between western (US, UK, France and Germany) and Asian markets (Hong Kong and Japan) , and between securitized real estate and general equity indices. Hence investors can see different patterns of calendar effects between different types of markets. This is useful for them to improve their trading strategies to increase their profits.
The article continues as follows: Section 1 wraps up previous works. Section 2 presents the data source. Section 3 describes the formula of the Shiryaev-Zhou index and its estimator, and list out Hui and Chan (2018c) 's three trading strategies. The tests of calendar effects are described in Section 4. Section 5 displays and analyzes the results. Last section concludes the article.
Literature review
There are plenty of studies on calendar effects, especially the Halloween and January effects. Tables 1 and 2 (Hui & Chan, 2016) summarize previous works. 
Data
The whole period is 1 January 1996-31 December 2016, a total of 5480 observations. The period is traced back by 240 days (the maximum moving-window size) to 28 January 1995. We select one securitized real estate index and one general equity index for each of the six economies: Hong Kong, Japan, U.S., U.K., France and Germany. The 12 stock indices in Table 3 are chosen. The reason for choosing the 12 stock indices is explained in Hui and Chan (2018b) . 
The Shiryaev-Zhou index and the trading strategies
The Shiryaev-Zhou index comes from. Shiryaev, Xu, and Zhou (2008) , who solve the problem of minimizing the time between a stock's maximum and selling prices by deriving the "goodness index" of a stock. Du Toit and Peskir (2008) provide a probabilistic proof of the solution. Yam, Yam, Yung, and Zhou (2009 , 2012a , 2012b resolve the same problem in the binomial tree setting and generalize the Shiryaev-Zhou index over the corresponding framework. Hui et al. (2014a) derive a trading strategy from the Shiryaev-Zhou index and apply it on four western securitized real estate indices and six Asian securitized real estate indices respectively. Both of them find that their strategy outperforms "buy-and-hold" in general. The Shiryaev-Zhou index is described by the following formula (Yam et al., 2009 (Yam et al., , 2012a (Yam et al., , 2012b Hui et al., 2014a; Hui & Chan, 2018c) :
where: α is the annual drift (or return) of the stock; and σ is its annual volatility (or variance of return).
In reality, the values of α, σ are always varying and their exact values are normally not known. Therefore, we adopt the moving-window approach by Wong et al. (2012) to estimate their values, and obtain the estimator of the Shiryaev-Zhou index (Hui & Chan, 2016 , 2018a , 2018b :
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While the previous studies listed in the above tables contribute to knowledge by testing the significance of Halloween and January effects of various markets, they produce mixed results. For Halloween effect, the majority of previous works show that the effect is significant, but some others find insignificant Halloween effect (see Table 1 ). The results of January effect are even more diverged: about half of the studies find significant January effect, while others show that the effect is insignificant (see Table 2 ). The majority of the articles work on equity markets. Only a sparse number of them investigate real estate markets. Thus, the true pattern of calendar effects of property markets is still unknown. Furthermore, most of the previous studies apply traditional methods like linear regression. Only a few of them use alternative tests. Different methods may lead to different results. For example, Hui et al. (2014a) examine calendar effects of 27 securitized real estate indices from 20 countries. Applying linear regression, statistically significant calendar anomalies persist. However, no calendar rule outperforms the "buy-and-hold" strategy significantly according to the White's Reality Check (White, 2000) and Hansen's Superior Predictive Ability (Hansen, 2005) tests.
Recently, some studies apply Shiryaev-Zhou index to investigate calendar effects. Hui and Chan (2015) apply Shiryaev-Zhou index to examine the January and Halloween effects of 8 securitized property markets, fixing the moving-window size to be 130 days. Therefore, the resulting strategy may not be optimal. Furthermore, we cannot see how the calendar effect varies as the moving-window size increases or decreases. Therefore, Hui and Chan (2016) apply Shiryaev-Zhou index of variable movingwindow size to test calendar effects of 12 stock indices.
However, as mentioned in introduction, ( ) i n µ changes sign frequently, so we have to trade the stock/stock index for many times for the underlying trading strategy. Hui and Chan (2018a) test this underlying strategy on 12 stock indices, and find that their strategy outperforms "buy-andhold" for only slight majority of the cases. Hui and Chan (2018b) apply the same strategy on 12 Hong Kong listed stocks. They even find that the strategy underperforms "buy-and-hold" for slight majority of the cases. In light of this, this study introduces two new tests of calendar effects based on Hui and Chan (2018c)'s two newly constructed strategies of which one waits until ( ) i n µ remains at the same sign for two or three consecutive days before buying or selling the stock/stock index (which are called Strategy 2 and Strategy 3 respectively in Hui and Chan, 2018c) . This leads to a "smoothing effect", reducing the number of times of trading the stock/stock index and yields a greater profit than the original strategy (which is called Strategy 1 in Hui and Chan, 2018c ). Hence we can see that for Strategies 2 and 3, whether we should hold the stock/stock index for the majority of the time in a particular month. This is useful for investors to improve their trading strategies to earn more profits. As in Hui and Chan (2016) , we choose the following 6 moving-window sizes: 40, 80, 120, 160, 200, 240. Hui and Chan (2018c) apply
to derive three trading strategies. We make the following assumptions:
(1) We make the transaction price of a stock index to be its closing price.
(2) The amount of cash held at the start of the period is enough to cover all transactions during the period.
Denote the final day of the period by day N. The first strategy is called Strategy 1 (Hui & Chan, 2018b sell all of it. Otherwise, no action is taken. According to Hui and Chan (2018c) , since ( ) i n µ changes sign very frequently, one has to trade the stock index for a lot of times when he/she adopts Strategy 1, so this strategy may underperform "buy-and-hold", especially when transaction costs exist. Therefore, Hui and Chan (2018c) In particular, Strategy 3 earns the maximum profit out of the three strategies, and hence is the best strategy. Since Strategies 1, 2 and 3 are different, their "holding periods" (periods of which the stock index is held according to Strategies 1, 2 or 3) and "non-holding periods" (periods of which entire cash is held according to Strategies 1, 2 or 3) are also different. Therefore, our tests (see Section 4) based on the three strategies will result in different patterns of calendar effects as shown in Section 5.
Testing the calendar effects
We construct three tests of calendar effect according the Hui and Chan (2018c)'s three trading strategies. For the first method (the method by Hui and Chan, 2016, denoted by Method 1), the Halloween and January effects can be represented by the following hypotheses:
11 H (Halloween effect): the proportion of time of which the stock index is held according to Strategy 1 is significantly higher (i.e. the "holding period" of Strategy 1 is significantly longer) during November -April. (null hypothesis: 10 H ).
11
J (January Effect): the proportion of time of which the stock index is held according to Strategy 1 is significantly higher (i.e. the "holding period" of Strategy 1 is significantly longer) in January. (null hypothesis: 10 J ). We adopt Hui and Chan (2016) 's method to test the overall calendar effect: for each moving-window size n and each stock index, define a dummy variable 1i R by
e. the stock index is held according to Strategy 1 on day i ), and 0 otherwise. Hence the period of which 1 1 i R = is called the "holding period" of Strategy 1, while the period of which 1 0 i R = is called the "non-holding period" of Strategy 1. Therefore, the average value of 1i R in each month indicates the percentage of time of which the stock index is held in that month according to Strategy 1. The overall calendar effect (and hence the January effect) is tested using analysis of mean (ANOM). The details of ANOM are described in Hui and Chan (2016) . To examine the overall calendar effect, we use the software Minitab 17 to perform a one-way ANOM of 1i R with month as the factor. For the second method (denoted by Method 2), the Halloween and January effects can be represented by the following hypotheses: 21 H (Halloween effect): the proportion of time of which the stock index is held according to Strategy 2 is significantly higher (i.e. the "holding period" of Strategy21 J (January Effect): the proportion of time of which the stock index is held according to Strategy 2 is significantly higher (i.e. the "holding period" of Strategy 2 is significantly longer) in January. (null hypothesis: 20 J ). We also apply ANOM to test the overall calendar effect as in Method 1. However, the dummy variable 1i R is replaced by 2i R , which is defined by 2 For the third method (denoted by Method 3), the Halloween and January effects can be represented by the following hypotheses: 31 H (Halloween effect): the proportion of time of which the stock index is held according to Strategy 3 is significantly higher (i.e. the "holding period" of Strategy 3 is significantly longer) during November -April. (null hypothesis: 30 H ).
31
J (January Effect): the proportion of time of which the stock index is held according to Strategy 3 is significantly higher (i.e. the "holding period" of Strategy 3 is significantly longer) in January. (null hypothesis: 30 J ). As in Methods 1 and 2, we apply ANOM to test the overall calendar effect. However, we use a new dummy variable 3i R which is defined by 3 1 i R = if the stock index is held according to Strategy 3 on day i, and 0 otherwise. Hence the period of which 3 1 i R = is called the "holding period" of Strategy 3, while the period of which 3 0 i R = is called the "non-holding period" of Strategy 3. The average value of 3i R in each month indicates the percentage of time of which the stock index is held in that month according to Strategy 3.
For the normal method, we use ANOM, too, but 1i R is replaced by the continuously compounded daily return
, where i S is the stock index on day i.
We apply regression to test the Halloween effect. However, since the dependent variables 1i R , 2i R and 3i R are dummy variables which have values of either 0 or 1, linear regression is inappropriate. Instead, logistic regression is applied. For Method 1, the following model is set up (Hui & Chan, 2016) :
(4.1) where:
D is a dummy variable which is equal to 1 when day i is in the period November -April, and 0 otherwise. Logistic regression is applied to (4.1), and a one-tailed z-test is conducted on β σ , where β is the estimator of β , and σ is the standard deviation of β . Again, we use Minitab 17 to perform logistic regression. For Methods 2 and 3, the model is same as (4.1), but the dependent variable 1i R is replaced by 2i R and 3i R respectively.
For the normal method, we apply the following linear regression model (Hui & Chan, 2016) :
where: i r = log
, where λ is the OLS estimator of λ , and φ is the standard deviation of λ . Methods 1, 2 and 3 are based on Strategies 1, 2 and 3 respectively. The dummy variables 1i R , 2i R and 3i R indicate the "holding periods" (i.e. periods of which we should hold the stock index according to the strategy) of Strategies 1, 2 and 3 respectively. The difference between the dummy variables 1i R , 2i R and 3i R results in the difference between the pattern of calendar effects shown by Methods 1, 2 and 3. Hence this study is different from Hui and Chan (2016)'s work.
Method 1 by Hui and Chan (2016) can show the proportion of time of which the stock index is held in each month according to Strategy 1, and Hui and Chan (2016) find that this method can show additional channels of calendar effects. However, Hui and Chan (2018c) find that Strategy 1 underperforms "buy-and-hold" for slight majority of the cases. In light of this, Hui and Chan (2018c) construct two new strategies (Strategies 2 and 3 in this study). They show that the two strategies, especially Strategy 3, outperform Strategy 1 and "buy-and-hold" in general. Since Methods 2 and 3 can show the proportion of time of which the stock index is held in each month according to Strategies 2 and 3 (which are superior to Strategy 1 according to Hui and Chan, 2018c) respectively, they are superior to Strategy 1, and can help investors to improve their strategies to increase their profits.
Results

Overall calendar effect and January effect
We use the methods described in Section 4 to examine the calendar effects of the 12 stock indices. Firstly, we apply ANOM to test the overall calendar effect and January effect. We list out the results in the Tables 4, 5, 6 and 7.
The entries in Tables 4, 5 , 6 and 7 indicate the mean value of log
R and 3i R of that index in the corresponding month for the corresponding movingwindow size, respectively. The green/red entries indicate that they lie above/below the 95% confidence interval respectively. For Tables 5, 6 and 7, the green entries mean that the "holding periods" of Strategies 1, 2 and 3, respectively, are significantly longer at 5% level, while the red entries mean that the "holding periods" of Strategies 1, 2 and 3, respectively, are significantly shorter at 5% level.
In particular, the entries in the column January indicate whether the January effect is significant at 5% level. Green entries imply that the January effect is significant at 5% level, while red entries mean that the January effect goes into reverse, and the effect is significant at 5% level. None of the entries in Table 4 are colored, indicating that at 5% level, no significant calendar effects are found for all the 12 stock indices. However, some entries in Tables 5, 6 and 7 are colored, indicating significant calendar effects at 5% level. This reveals that additional channels of calendar effects are found by our methods. In particular, for the 4 western general equity indices (SPX, UKX, CAC and DAX) with moving-window size 80 or smaller, the entries in the column January are green in color, indicating that the January effect is significant. This is natural because the most of the previous studies on January effect work on equity markets of European and North American countries (see Section 1), so the four western general equity indices behave normally. The small moving-window size means that the "delaying effect" (see Hui and Chan, 2016 for detail explanation) is not so significant that the calendar effect is not distorted.
There are several similarities between our results and Hui and Chan (2016)'s results. Firstly, when the movingwindow size increases, there are generally fewer green/ red entries in Tables 5, 6 and 7 and they shift rightwards, showing that the overall calendar effect becomes less prevalent and delays. The reason for this result is explained in Hui and Chan (2016) . Secondly, for January, there are more green entries than red entries for the six general equity indices, showing significant January effect. However, the numbers of green and red entries are roughly the same for the six securitized real estate indices, showing no clear signs of the January effect. Furthermore, there are more green entries for smaller moving-window sizes, indicating that the January effect is more significant.
Comparing the results in Tables 5, 6 and 7, we can see that the calendar effects shown by Methods 1, 2 and 3 are slightly different. For example, for HSI index with a moving-window size of 40, there is a significant positive calendar effect at 5% level in November for Methods 1 and 2, but not for Method 3. This implies that for both Strategies 1 and 2, we should hold HSI significantly more in November, but this is not the case for Strategy 3. To see the difference in calendar effects shown by the three methods, we compare the number of green and red entries in Tables 5, 6 and 7, find out the differences and list out the differences in the Table 8 .
From Table 8 , we can see that when one changes from Method 1 to Method 2, the number of green and red entries decreases in general, showing less significant overall calendar effect. This result is expected because for Strategy 1, one has to buy or sell the stock index immediately as soon as ( ) i n µ changes sign. However, for Strategy 2, one waits until the sign of ( ) i n µ remains unchanged for 2 consecutive days before trading the stock index. This creates a "smoothing effect", reducing the number of times of trading the stock index. Therefore, the dummy variable 2i R fluctuates less frequently than 1i R does. This explains why Method 2 shows less significant calendar effect than Method 1 does. However, when one changes from Method 2 to Method 3, the number of green and red entries increases in general, revealing that the overall calendar effect End of Table 7 Table 8 . Change in number of green and red entries between the three methods for the 12 stock indices This reveals that additional channels of calendar effects are detected. In addition, Methods 1, 2 and 3 show the following similarities to Hui and Chan (2016)'s results: 1. For the 6 general equity indices, if the moving-window size is small (<=120), then for almost all the cases, ˆ0 β > and the p-value is below 0.05, revealing that the Halloween effect is highly significant. However, if the moving-window size is large (>=160), then ˆ0 β < for more than half of the cases, and the p-value is below 0.05 for slight majority of cases, reflecting that for the majority of the cases, the Halloween effect goes into reverse, but the effect is not so significant.
2. For the 6 securitized real estate indices, there are slight majority of the cases where ˆ0 β < , i.e. the Halloween effect goes into reverse. In particular, for larger moving-window sizes (>=160), the cases where ˆ0 β < dominate. In particular, for the 4 western general equity indices (SPX, UKX, CAC and DAX) with moving-window size 120 or smaller, ˆ0 β > and the p-value is below 0.05, showing that the Halloween effect is highly significant. This is natural because the most of the previous studies on Halloween effect work on equity markets of European and North American countries (see Section 1), so the four End of Table 12 western general equity indices behave normally. However, most Asian markets are still at a developing stage, so their calendar effects may not be the same as those of the European and North America markets. Investors should be aware of this phenomenon when investing in those developing markets. The small moving-window size means that the "delaying effect" (see Hui and Chan, 2016 for detail explanation) is not so significant that the calendar effect is not distorted.
However, comparing the results between Tables 8, 9 and 10, we can see that there is only a slight difference in the number of cases where ˆ0 β < between Methods 1, 2 and 3. This reveals that the patterns of Halloween effect shown by the three methods are almost the same. The main reason is that Methods 2 and 3 are based on Strategies 2 and 3 respectively. For Strategies 2 and 3, an investor waits until the sign of ( ) i n µ remains unchanged for 2 and 3 consecutive days respectively before trading the stock index. Comparing with Strategy 1, this is a small change only. Hence the difference in the overall calendar effect shown by the three methods in Tables 5, 6 R . Therefore, the difference in patterns of Halloween effect shown by the three methods is very small.
Conclusion
In this study, we construct two new tests of calendar effects based on Hui and Chan (2018c)'s two new strategies of which after ( ) i n µ changes sign, one waits until ( ) i n µ remains at the same sign for two or three consecutive days before buying or selling the stock index (called Methods 2 and 3 respectively in this study). we apply these two methods on 12 stock indices during 1996-2016, and compare the results with that using Hui and Chan (2016) 's method (Method 1). The major results are as follows:
(1) When the moving-window size increases, the calendar effects generally diminish. (2) Significant January and Halloween effects exist in most of the general equity indices (especially for the 4 western economies for smaller movingwindow sizes). However, the two effects are less prevalent or even go into reverse sometimes for the securitized real estate indices. (3) Method 2 shows less significant calendar effect than Method 1 does, but Method 3 shows more significant calendar effect than Method 2 does. (4) The securitized real estate indices show a greater difference in the overall calendar effect between the three methods than the general equity indices do.
The common advantage of the three methods is that they can show the percentage of time of which the stock index is held in a month according to a trading strategy which outperforms "buy-and-hold" in general. However, Method 1 is based on Strategy 1, of which Hui and Chan (2018c) find that the strategy underperforms "buy-and-hold" for slight majority of the cases. Since Hui and Chan (2018c) find two strategies (Strategies 2 and 3 in this study) which yield greater profit than Strategy 1 does, we construct two new tests of calendar effects which can show the length of "holding periods" of Strategies 2 and 3 respectively. From the results of our new methods (Methods 2 and 3), we can know in which months, the stock indices should be held for a significantly longer period of time than average, according to Strategies 2 and 3. Hence our method is superior to Hui and Chan (2016) 's method. In addition, the result that the securitized real estate indices show a greater difference in the overall calendar effect between the three methods than the general equity indices do has meaningful implications. The general equity indices represent the whole market. Changing the trading strategy does not alter the calendar effect a lot. However, for a certain sector of the whole market like real estate, the volatility is larger (see Sub-section 5.1 for explanation) and hence shifting the trading strategy would alter the calendar effect by a larger extent. Therefore, investors should be aware of this risk when investing on a certain sector of the market. However, for the whole market, the risk is smaller due to broader diversification. Hence it is more suitable for investors who are only able to bear smaller risk. Furthermore, we find that if the moving-window size is small, both January and Halloween effects are significant for the 4 western general equity indices. This reflects that most of the previous studies on Halloween and January effects work on equity markets of European and North American countries (see Section 1), so the four western general equity indices behave normally. The small moving-window size means that the "delaying effect" (see Hui and Chan, 2016 for detail explanation) is not so significant that the calendar effect is not distorted. Therefore, if investors adopt Strategies 1, 2 or 3, and use a small moving-window size to invest in European and North American equity markets, they can still rely on calendar effects to a certain extent. However, for larger moving-window sizes/Asian markets/ securitized real estate markets, those traditional calendar effects may not necessarily hold. Larger moving-window sizes increases the "delaying effect" and hence distorts the calendar effect. Most Asian markets are still at a developing stage, so their calendar effects may not be the same as those of the European and North America markets. The securitized real estate market is just a sector of the whole market, so its calendar effect may be different from that of the whole market, too. Investors should be aware of this phenomenon in order to earn more profits. One may construct a trading strategy of which an investor waits until the sign of ( ) i n µ remains unchanged for 4 or more consecutive days before trading the stock/stock index, and construct a new test of calendar effect according to this strategy. This is a possible scope of future research.
